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Growth andFluctuationsin theOutputof
Major Crops in Pakistan,
1950-51to 1979-80
MAHMOOD HASAN KHAN andAHMAD SAEED SIDDIQUI *
Srncethe crop environmentin Pakistanis still greatlyinfluencedby the
vagariesof Nature,it is importantto separatethiseffectfromthetrueprocessof
cropgrowth. Attemptsto capturethelargerandomfluctuationsfrom thetrend
line by usinga singlevariablefor weatherarenotfruitfulatall. In theabsenceof
a compositeindex of weather,the indirectmethodusedin this studyallows
identificationof normaland abnormalyears,which can thenbeusedfor fore-
castingor eveninsurance(planning)purposes.
INTRODUCTION
Cropproductionis subjectowidefluctuationsinmostof theunderdeveloped
countries,asman'scontrolofhisnaturalenvironmentisfragile.Studiesofgrowthin
cropoutputtendto concentrateontrends,excludingfluctuationsfromthem.Thus
probablyaveryimportantaspectof realgrowthislost. Theestimationof trendsis
greatlyconfoundedby seeminglyrandomfluctuations,inducedmainlybyweather,
fromthesetrends.Measurementof trendsandfluctuationsshouldbeofinterestto
policy-makersandresearchersalike. Theycanhelpin identifyingtheextentto
whichtechnologymayhaveovercomethevagariousbehaviourof Nature.Also,
computationof trendratesofgrowthwithandwithoutheextremefluctuationscan
providemeaningfulinsightsintotheprocessofcropforecastingandplanning.
Theconventionalmethodof measuringtrendsis to fit trendequationstoraw
dataandto calculatethestandarderrorof estimate.For trendsfromwhichthe
fluctuationsaresmallandinfrequent,hismethodmaybesatisfactory.However,if
fluctuationsarelargeandfrequent,affectingthetrendsignificantly,the e'stimated
trendislikelyto presenta distortedimageof therealphenomenon.Onewaytocir-
cumventthisproblemis to includeweatherasaproxyforlargefluctuations.There
*The authorsare Professorof Economics,Simon FraserUniversity,CanadaandSenior
Vice President,UnitedBankLimited,Karachi. This paperwascompletedwhentheIllSt author
wasVisitingProfessor,AppliedEconomicsResearchCentre,Universityof Karachi.
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areatleastthreeproblemshere.!Firstly,in relativelylargeareas,suchasaprovince
or evenadistrict,weathercannotbeaveragedout. Secondly,rainfallalonecannot
beapropermeasureof theinfluenceofweatheroncropgrowth,andinformationon
otherequallyimportantcomponentsof weatheris usuallynotavailableor difficult
to incorporate.Finally,weathermaynotbetheonlycauseof fluctuations,anda
methodwhichattributesallvariationstoweatherisclearlyunsatisfactory.
It is usuallyassumedthatresidualsfromthetrendarelikerandomvariables,
butit neednotbetrue.Anunderstandingof thenatureof theresidualsi necessary
for severalreasons.Foronething,thiswillidentifytheeffectsof fluctuationsonthe
trenditself. Secondly,thestructureof pastgrowthcanbestudiedalId,incombina-
tionwith otherchanges-,it cangenerateusefulinformationonthegrowthprocess
itself. Finally,the trendestimatesderivedafterseparatingthe effectsof wide
fluctuationscanbeusedtoforecastandevenplancropproduction.
In Pakistan,analysisof growthof cropoutputhasbeenlimitedto onlyafew
studies.2Almostno attempthasbeenmadeto estimatetheeffectsof fluctua-
tionsontrendratesof growthin cropoutput.Theinclusionofaweatherproxyto
eliminatefluctuationsfromthetrendin time-seriesdataon cropoutputhasnot
clarifiedtheissues.Theproblemsof forecastinghavebeenconfoundedbythechoice
of an almostsimplisticmodelandmisspecificationf variables.Thisstudywill
highlightheeffectsof fluctuationsonthetrendratesof growthof cropoutputin
Pakistan,with emphasisonmajorcropsin thePunjabandSindprovinces.Further,
usingtrendratesof growthin cropyieldsandacreage,it willshedsomelightonthe
inter-cropandinterregionaldifferencesintheprocessofgrowthduringathirty-year
period.
trendrateofgrowthinoutput:
In 0 =a + bT (1)
wherea is thetotaloutputof aparticularcrop,T is thetrendvariable,and'a'and
'b' aretheregressioncoefficients.Thetrendrateof growthoverthethirty-year
periodwill thenbe (antilogeb-I) x lOa. However,avalidestimateof thetrend
rateof growthcannotbebasedonaregressionof Equation(1) for allyears,as it
doesnot separatetheeffectsof fluctuationswhichmaythemselvesbedetermining
thelocationof thetrendline.
The basicideahereis to classifytheperiodfor whichthetrendis being
estimatedinto 'normal','good',and'bad'years.Thedistinctionof normalfrom
goodandbadyearscanbemadebydrawingupperandlowerbandsonthetrendline
estimatedforallyears.Theyearsfallingabovethemupperbandcanberegardedas
goodyearsandthoseunderthelowerbandasbadyears.Theyearsinsidethetwo
bandsarethencallednormalyears.Thebandlinescanbedrawnoneachsideof the
trendlineat a lO-percentinterval.Thechoiceof thelO-percentintervaloneach
sideismuchlikethechoiceonemakesonconfidencel velsinstatisticalnalysis.
Thedatafor thisexercisearefor wheat,rice,cotton,andsugarcanefromthe
PunjabandSindseparately.Theperiodis from1950-51to 1979-80.Theresults
for Pakistanarealsoreported,butin mostcasestheyreflecthelargeshareof the
Punjabin theacreageandoutputof thesecrops.
RESULTSANDINTERPRETATIONS
METHOD AND DATA In TableI, weidentifynormal,goodandbadyearsforoutputof eachcropin
Pakistanandtwoof itsprovinces.ThesearebasedonregressingEquation(1)esti-
matedby theOrdinary-Least-Squaresmethod.Thesignificanceof theseyears(or
sub-periods)willbecomeapparentin thediscussionwhichfollows.
Theestimatedvaluesof 'b' coefficients,alongwiththeirstandarderrorsand
t-ratios,for thetrendlinesfor all yearsaswellasfor normalyearsaregivenin
Table2. Thet-ratio,obtainedby dividingthestandarderrorof 'b' intotheesti-
matedvlaueof 'b', canbesaidto indicatethe'stability'of thetrendcoefficient
'b'. All t-ratios are significantat a =0.01. Also, the valuesof R2 and t-ratios
improvein allcasesfor regressionsondatafornormalyears,i.e.excludingoodand
badyearsfromtheregressionsgivesabetterfit of thetrendequation.Theinterest
hereis in thetrendratesof thegrowthofoutputof crops,(antilogeb-I) x lOa,for
all yearsandfor normalyears.Thet-ratiosfor normal-yearregressionsarelower
thanfor all yearsfor everycrop,indicatingthatthegrowthratesobtainedafter
excludingthegoodandbadyearsfromtheregressionequationsaremorestable.The
ratesof growthfornormalyearsarehigherthanfor allyearsforwheatandricein
Theconventionalformulafor estimatingthetrendlinein cropproductionis
thelognormalform,thoughlinearandotherformshavealsobeenused.3Accord-
ingly,for eachcrop/region,weusethefollowingregressionequationtoestimatethe
!The directmethodof includingweatherhasbeendiscussedin detailby B. Oury [4].
The authorhasdemonstratedthatselectingonlyoneof theelementaryweatherfactors(sayrain-
fall)asa singlevariableis umealistic.
2In Pakistan,few studieshavebeenpublishedon forecastingmodels,includingweather
(rainfall)asa separatevariable.The first studywasby S.K. Qureshi[6]. Thenexttwostudies
onwheatin thePunjabweredonebyB. A. Azhar,M. GhaffarChaudhry,andM. Shafique.Based
on the model developedby themin [2], paper,the sameauthorsestimatedwheatoutput
forecastfor Punjabin a subsequentpaper[1]. The modelsuffersfrom severalflaws. For one
thing,the authorshaveusedonly a linearform of the regressionequation. Thenthereis the
seriousproblemof misspecificationof theweathervariable. In a subsequentpaper,Chaudhry
andKemal [3] usedagaina linearproductionfunction,with rainfall,to forecastwheatoutputin
Punjab. They did not givea reasonablexplanationfor usingthe linearform,exceptthatthe
CES andCobb-Douglasformsgavelow R2values.However,theyadmittedthattheydid not test
if thelinearform relatedthedependentandindependentvariablesin the"bestpossiblemanner"
(p.222).
3This techniquehasbeenexplainedby V. M. Rao, M. V. NedkarniandR. S. Deshpande
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bothprovinces.ThesameholdsforcottoninthePunjabbutnotinSind.In thecase
of sugarcane,theratesforallyearsarehigherthanfornormalyears.Theimplication
is thatuseof regressionsfor allyearsleadsto overestimationf ratesof growthof
outputof sugarcanein bothprovincesandof cottonin Sind,andtheirunder-esti-
mationforwheatandriceinbothprovincesandforcottonin thePunjab.
Wheat,riceandsugarcanehavehadhigherandmorestablegrowthratesofout-
putthancotton.However,wheatseemsto havedonebetterinSindandricein the
Punjab.Amongthemajorcrops,cottonhadthelowestrates,andtheserateswere
alsotheleaststable.TheoutputofsugarcanegrewatahigherateinSindandit was
alsothemorestablebetweenthe two provinces.As indicatedlater,therapid
expansionof theoutputof sugarcaneinSindresultedfromanexpansionof thearea
devotedtoit, astheyieldleveldeclinedsomewhat.
Lookingmorecloselyatnormal,goodandbadyearsforeachcropinTableI,
wefindseveralinterestingfeaturesofthegrowthexperience.Forwheat,allthegood
andbadyearswereexperiencedin theperiodprecedingtheonsetof theGreen
Revolutionin thelateSixties:goodyearsin theearlyFiftiesandallbadyearsinthe
earlyto mid-Sixties.TheSeventieswerethenormalyears,reflectingtheimpactof
high-yieldingvarietieswithwaterandfertilizer.Similarly,forrice,allthegoodand
badyearswereexperiencedbeforetheintroductionof theIRRI varietiesinthelate
Sixties,andtheSeventieswerethenormalyears.Cottonandsugarcaneweresubject
to morefrequentandlargefluctuations.For cotton,theFiftiesandtheSixties
(except1964-65)werethenormalyears,andmostof thefluctuationstookplacein
theSeventies.For sugarcane,thelateFiftiesandearlySeventiescanberegardedas
normalyears,andall of the goodyearswerein theSixtieswhilethebadyears
weremostlyintheearlyFiftiesandthemiddleorlateSeventies.
Theanalysisofar hassuggestedthatthegrowthratesof outputhavebeen
underestimatedfor wheatandricein allareas,butfor cottononlyin Punjab,and
overestimatedfor sugarcane.Secondly,thefluctuations,presumablyinducedmainly
beweather,werereducedinwheatandricein theSeventies,reflectingtheincreasing
roleof technology,whichwasnot thecasewithcottonandsugarcane.Thislast
pointis broughtintogreatereliefin thetrendratesof thegrowthof cropyields
shownin Table3. The t-ratiosaresignificantata =0.01in all cases.Thevaluesof
R2andt-ratiosarequitehighforwheatandricecomparativelylowerforcottonand
sugarcane,andquitelow for sugarcanein Sind. Growthratesof yieldsarehigher
andmorestableforwheatandricethanfor cottonandsugarcane.Yieldimprove-
mentsin sugarcanewerethelowestandnegativein Sind. Wheat,riceandcotton
seemto havedonebetterin Sindandsugarcanein thePunjab.Thecaseof sugar-
caneinSindisparticularlyshocking.
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Table2 .-VI
GrowthRatesof CropOutput
Trend Trend
Crop/Region R2 b t-ratio Rateof R2 b t-ratio Rateof
Growth1 Growth2
1. Wheat
(a) Pakistan 0.893 0.0441 15.62 4.51% 0.960 0.0458 24.37 4.69% :ic
(b) Punjab 0.860 0.0411 13.39 4.19% 0.947 0.0426 21.07 4.35%
c
(c) Sind 0.940 0.0630 21.43 6.51% 0.985 0.0647 38.07 6.68% g:t
2.Rice ::s
(a) Pakistan 0.946 0.0544 22.54 5.59% 0.975 0.0569 30.71 5.85% .,::s
(b) Punjab 0.945 0.0658 22.43 6.80% 0.981 0.0660 34.62 6.82% .,::s
(c) Sind 0.896 0.0464 15.86 4.75% 0.946 0.0475 20.48 4.86% :t.
3. Cotton
[(a) Pakistan 0.777 0.0344 10.11 3.50% 0.902 0.0371 14.90 3.77% !?
(b) Punjab 0.731 0.0362 8.92 3.68% 0.847 0.0392 11.82 3.99% '"
(c) Sind 0.739 0.0307 9.11 3.12% 0.829 0.0289 10.82 2.94%
4. Sugarcane ./5'
(a) Pakistan 0.882 0.0545 14.77 5.60% 0.937 0.0509 18.06 5.22% 5.
(b) Punjab 0.869 0.0518 13.92 5.32% 0.930 0.0501 17.45 5.13%
(c) Sind 0.874 0.0996 14.24 10.47% 0.936 0.0937 18.40 9.83%
Source:SeeTable1.
Notes: lThesearebasedondataforallyears,from1950to 1980.
2Thesearebasedondatafornormalyearsonly.
(Theregressionequationonwhichthistableis basedis InO=a +bT)
Table3
GrowthRatesof CropAreaandYield
GrowthRateofCropArea GrowthRateofYield/Hectare
Crop/Region TrendRate TrendRate
R2 b t-ratio ofGrowth(%) R2 b t-ratio ofGrowth
1. Wheat
(a) Pakistan 0.924 0.0177 18.81 1.78 0.806 0.0264 11.01 2.68
<;:)
s:::
(b) Punjab 0.894 0.0612 15.64 1.63 0.774 0.0249 10.02 2.52
-as:::...
(c) Sind 0.882 0.0255 14.77 2.58 0.838 0.0376 12.30 3.83
2.Rice '5"
(a) Pakistan 0.952 0.0267 23.93 2.71 0.816 0.0276 11.38 2.80
...
Q
(b) Punjab 0.940 0.0429 21.39 4.38 0.757 0.0229 9.55 2.32 .g
(c) Sind 0.792 0.0126 10.35
"
10.56 1.20 0.785 0.0338 3.44 s.
3. Cotton ?I"
(a) Pakistan 0.849 0.0179 12.82 1.81 0.573 0.0165 6.32 1.66
1:;'
::s
(b) Punjab 0.811 0.0211 11.18 2.13 0.478 0.0151 5.25 1.52
(c) Sind 0.525 0.0101 5.75 1.01 0.623 0.0206 7.00 2.08
4. Sugarcane
(a) Pakistan 0.872 0.0430 14.11 4.40 0.607 0.0115 6.77 1.15
(b) Punjab 0.813 0.0387 11.67 3.95 0.594 0.0131 6.58 1.32
(c) Sind 0.908 0.1079 16.90 11.40 0.276 -0.0084 -3.48 -0.83
Source:SeeTable1.
.-
VI
Note: The table is based on regressionequations (i) log A =2+bT and(ii) logY= 2+bT. VI
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Moreinterestingarethechangesin yieldperhectareof thesecropS.4The
impressivegrowthin theyieldof wheatin thePunjabandSindstartedwith the
adoptionof dwarfseedsin thelateSixties(1968-1969).It isalsointerestingtonote
that,contraryto thepopularnotionthatthevigourof newseedshasbeenreduced
considerably,theupwardmovementof theyieldleveldidnotslowdownin recent
years.Anotherimportantfeatureis thatthe(local)wheatyieldrosein thePunjab
but not in Sindin thepre-GreenRevolutionperiod.Thereasonfor thiscouldbe
the developmentof additionalwaterthroughtubewellsin thePunjabin thelate
FiftiesandearlySixties.
Riceyieldsalsoshoweda sharpupwardbreakin thelateSixtiesin boththe
provinces.However,theupwardtrendhasremainedquitestrongin Sind,butless
apparentin Punjab.Herethedifferencebetweenthetwoprovincescanprobablybe
explainedby thefactthatwhiletheIRRI varietiesformedthebulkofallricegrown
inSind,theBasmatiricedominatedinthePunjab.
Thestoryofcottonyieldsisasadone,andisconsistentwiththetrendratesof
growthobservedearlier.Theyieldlevelsremainedalmoststaticin theFifties,rose
somewhatin theSixties,butfelldramaticallyin theSeventies.Lackof improvement
in cottontechnology,particularlythe poorqualityof seedandlimiteddisease
resistenceorcontrol,kepttheproductionofcottonexposedtothemoodsofNature.
Thecaseof sugarcaneis alsoquitedisturbing.Its yieldlevelin thePunjab
remainedalmoststagnantin theFifties,improvedsignificantlyin theSixties,and
againbecamestagnantin theSeventies.In Sind,theyieldlevelhasbeeneither
stagnantor decliningovertheyears.Theyieldof sugarcanehasbeensubjecto
widefluctuations,duemainlyto changesin weatherandpoorstateof technology.
At thesametime,sugarcanehasbeenclaimingprobablythetwomostscarceof the
country'sresources(landandwater)forthegreaterpartof theyear.
Trendratesof growthin cropareaareshownin Table3. Again,thet-ratios
aresignificantat Q=0.01in allcases.Thevaluesof R2andt-ratiosarequitehigh,
exceptfor cottoninSind.AcreageofcottoninSindhasshowntheslowestandleast
stablegrowthrate. Growthrateof acreagewasthehighestfor sugarcanein Sind,
andwasfollowedbythoseforriceandsugarcanein thePunjab.
It is alsopossibleto decomposethe"sources"of growthof theoutputof
majorcropsduringthethirty-yearperiod.It will identifytheeffectsof yieldand
areaon increasesin outputof eachcrop. Theresultsareshownin Table4. As
expected,mostof thecontributionto theadditionalouputof wheatandIRRI rice
hasbeenmadeby yieldperhectare,reflectingthejoint impactof newseeds,
fertilizerandwater. SinceBasmatirice dominatesin thePunjab,only about
one-thirdof the additionaloutputtherewas dueto the yield effect. The
contributionsof areaandyieldto additionsin theoutputofcottondiffermarkedly
betweenthePunjabandSind. Theareaeffectis pronouncedin theformerandthe
yieldeffectin thelatterprovince.Thesedifferencesareconsistentwiththeevidence
fromfieldstudieson yieldsanduseof inputsin theseprovinces.Theadditional
outputof sugarcanein bothprovinceshasbeenduelargelytotheareaeffect,andit
is particularlyevidentin Sind. It seemsthata favourablepricestructure,andthe
menaceof water-loggingandsalinityinsomeareas,precludingprofitablecultivation
of othercrops,haveinducedfarmersto allocatemoreareato sugarcanethanis
sociallyprofitable.
Table4
Contributionof YieldandAcreagein Growthof CropOutput
4Theyielddataaregivenin [5].
Sincethecropenvironmentin Pakistan,as in manyotherunderdeveloped
countries,is still dominatedby thecapriciousbehaviourof Nature,it is impera-
tiveto separatethiseffectfromthetrueprocessof growthin cropproduction.
PercentageContributioni GrowthofOutput
Crop/Region
Yield Acreage IntractionEffects Total
I. Wheat
(a) Pakistan 59.42 39.47 1.11 100.00
(b) Punjab 60.14 38.90 0.96 100.00
(c) Sind 58.83 39.63 1.54 100.00
2.Rice
(a) Pakistan 50.09 48.48 1.43 100.00
(b) Punjab 34.12 64.41 1.47 100.00
(c) Sind 72.42 26.52 1.06 100.00
3. Cotton
(a) Pakistan 47.43 51.71 0.86 100.00
(b) Punjab 41.30 57.88 0.82 100.00
(c) Sind 66.67 32.37 0.96 100.00
4. Sugarcane
(a) Pakistan 20.54 78.57 0.89 100.00
(b) Punjab 24.81 74.25 0.94 100.00
(c) Sind -7.93 108.88 -0.95 100.00
Source:SeeTable1.
CONCLUSIONANDPOLICY IMPLICATIONS
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Attemptsto capturethelargerandomfluctuationsfromthetrendlineby usinga
singlevariablefor weather,suchasrainfall,arenotfruitfulatall. In theabsenceofa
compositeindexof weather,theindirectmethodusedinthisnoteforestimatingthe
trendwithoutfluctuationsallowsidentificationofnormalandabnormalyears,which
canthenbeusedforforecastingoreveninsurance(planning)purposes.
A closerstudyof thenormalcropyearswithchangesin theyieldlevelshas
broughtinto sharpereliefthedifferentialimpactof technologyonvariouscrops.
Thedecompositionf theyieldandareaeffectsonadditionaloutputhashighlighted
thefactthatfor cottonandriceBasmatiin thePunjabandfor sugarcanein the
PunjabandSindmostof theadditionaloutputwasobtainedthroughtheexpansion
of areaunderthesecrops.Thepolicyimplication,atleastin thecaseof sugarcane
in Sindandof cottoninthePunjab,isthatresearchandextensionservicesshouldbe
intensifiedto improveproductiontechnology,includingnewinputsandcultivation
practices.At leastin thecaseof sugarcaneinSind,landandwaterareperhapsbeing
divertedto acropwhoseprivateprofitabilityfarexceedsthesocialgainsduemainly
toafavourablepricestructure.
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